Two series of reinfection experiments were carried out using C57BL mice. In the first series, the mice were inoculated with Mycobacterium lepraemurium (MLM) in one hind footpad and reinoculated in the contralateral footpad two or four weeks later. Compared with normal mice of the same strain, the mice reinoculated after four weeks showed an increased local reaction to the bacilli and the bacilli did not multiply at the injection site. The responses of mice reinoculated after two weeks were intermediate to those of the other two groups. In the second series, a systemic infection was established by intraperitoneal inoculation of either a large or small dose of MLM. Twenty-two weeks later the mice were reinoculated in one of the hind footpads. Upon reinoculation, mice receiving the small intraperitoneal dose reacted more strongly than normal mice to MLM, whereas mice receiving the large dose were unable to mount any local reaction to the mycobacterium. The experiments have shown that the local reaction which develops in the C57BL strain of mice approximately four weeks after subcutaneous injection of MLM is accompanied by the onset of systemic immunity. Such systemic immunity lasted for more than 20 weeks after intraperitoneal injection of a small dose of bacilli, but was completely abolished during the course of a heavy systemic MLM infection.
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Mice of the C57BL strain have been shown to be rather resistant to infection with Mycobacterium lepraemurium (MLM), whereas C3H mice are highly susceptible (6) . In C57BL, no host reaction was observed for the first 3 to 4 weeks, and during that time the bacilli multiplied freely (5) . At approximately 4 weeks after inoculation, a local inflammatory reaction developed which had the histological characteristics of a delayed-type hypersensitivity reaction (7) .
Resistance to mycobacterial infection has been shown to require the presence of T-lymphocytes (18) , and therefore it should be regarded as an immunological phenomenon. If the increased host resistance observed in C57BL mice results from an immune response against the bacilli, the animals should exhibit increased resistance to a challenge dose of MLM, provided the second inoculum is given 4 weeks or more after the first inoculation.
In human leprosy, the patients with the lepromatous type of disease are known to have low resistance against the infection and to lack cellmediated immunity against M. leprae, whereas such immunity is strong in the highly resistant tuberculoid type of leprosy (4, 10, 12, 20, 22) . Intermediate between these two groups are the patients with "borderline" types of leprosy. It has been suggested that the immunological deficiency of patients with lepromatous leprosy may be due to a genetically determined (17) or other type of predisposition or that it may develop during the infection itself (21) . The observation that borderline patients, when left untreated, tend to move towards the lepromatous end of the spectrum counts in favor of the last possibility. It has been speculated that this phenomenon, which is usually called "downgrading," may be related to the phenomenon of tolerace induction (26) . The general depression of cell-mediated immunity that has been observed in patients with lepromatous leprosy indicates that nonspecific mechanisms may also be involved (2, 25) .
In mice infected with MLM (murine leprosy), it has been established that host resistance to the infection is markedly influenced by genetic factors of the host (6, 15) . Furthermore, it has recently been reported that secondary lesions, which represented a late dissemination of the infection, contained fewer lymphocytes than the primary lesion (8) . This indicates that a downgrading of the host reaction, like that seen in human leprosy, may also occur in murine leprosy. Propagation of the bacilli and preparation of the inocula. Douglas strain MLM were usually propagated in the outbred mouse strain NMRI/Bom, but sometimes bacilli from infected C3H mice and, on one occasion, bacilli from a C57BL mouse were used. The bacilli were isolated from homogenates of liver, spleen, or lymph nodes by differential centrifugation as previously described (6) . After removal of large clumps of bacilli by sedimentation at 1 x g, the bacilli were either used immediately or stored for up to 24 h at 4 C before injection.
Experimental inoculation and harvesting of bacilli. Footpad injections were performed by the same technique as earlier described (5) . Ten microliters of bacillary suspension was injected per footpad and the needle path was afterwards sealed with plastic spray. In the intraperitoneal injections, a volume of 0.5 ml of bacillary suspension was given to each mouse.
At each harvest, four mice from each group were randomly selected and killed by ether. The technique used for removal and homogenization of footpads was the same as previously described (5) .
Counting of bacilli. After homogenization of the footpad tissue, the bacilli were counted by a slide technique (13) as previously described (5) . A small volume (0.004 ml) was spread over a 8-mm circle on a glass slide, using a calibrated platinum loop. After fixation by gentle heating and 5 to 10 min exposure to formol vapor, the preparations were stained by Ziehl-Neelsen's method. They were examined under oil immersion by using an x 100 objective and an x 10 eyepiece. One diameter across the preparation was scanned and the number of bacilli per milliliter of homogenate was calculated by multiplying by 1.5 x 104 (5) .
Morphological evaluation of bacilli. The procedure was the same as previously described (5) . Three categories of bacilli were recognized: (i) solid-staining bacilli; (ii) granulated bacilli with a more or less distorted outline and in which the cytoplasm showed an irregular pattern of clumps and vacuoles and frequently contained empty segments; (iii) bacilli, that could not be classified as either (i) or (ii). The morphological index (MI) was calculated as the percentage of solid-staining bacilli and based on examination of 50 bacilli.
Length of bacilli. The length of the Ziehl-Neelsen stained bacilli was measured as previously described (5), using an ocular micrometer with 0.83-Am scale intervals. The calculation of the mean length of bacilli was based on measurements of 50 bacilli.
Measurement of foot thickness. A specially constructed instrument, which caused minimal compression of the foot, was used. Thereby reproducible readings of the foot thickness in 0.01 mm could be achieved (5) . The mean of five successive measurements of each foot was recorded. In experiment 1, four animals were randomly selected from each group at the time of measurement. In experiment 2, four animals were randomly selected from each group at the beginning of the experiment, individually marked, and repeatedly tested throughout the observation period.
Statistical analysis. The Wilcoxon signed rank test (23) was used to test differences between groups from the same harvest, whereas the Wilcoxon-van Eltern test (14) was used when the analysis included results from several harvests. The value of P = 0.05 was chosen as the limit of statistical significance.
RESULTS
Experiment 1: inoculation of MLM into the footpads of mice previously infected in the contralateral footpad. Three groups of mice were inoculated with MLM according to the scheme given in Table 1 . The bacilli injected on days 1 and 16 were prepared from the liver and spleen, respectively, of NMRI mice, whereas those injected on day 30 were prepared from the popliteal lymph nodes of C3H mice. It should be noted that the MI was low in some of the preparations, especially in that injected on day 16. At a certain time (day 30), all three groups of mice were inoculated with an equal dose of the same MLM preparation. Groups A and B had previously been infected in the contralateral footpad, the interval between the two injections being 14 and 30 days, respectively, whereas group C consisted of normal, previously uninfected mice.
The thickness of both hind feet was monitored throughout a period of several weeks ( Fig.  1) . In group A the swelling of the right footpad started just before the animals were reinoculated in the left footpad. Twenty-four hours later a swelling of the left footpad was detected. In the course of the following days the swelling of the left footpad increased very rapidly, and eventually it became equal to that of the right footpad (Fig. 1A) . In group B the second injection of bacilli seemed to cause comparatively little reaction until 2 weeks later, when a limited swelling developed simultaneously in both hind feet (Fig. 1B) . Approximately 4 weeks after the second injection of MLM, the thickness of both footpads increased further, the swelling becoming somewhat more pronounced in the left than in the right foot. In comparison, no swelling was detected in group C until 5.5 weeks after inoculation. Since observations of this group are lacking for the period around 4 weeks after inoculation, the exact time of the I on October 16, 2017 by guest http://iai.asm.org/ Downloaded from occurrence of the swelling is not known. However, the expected course ofdevelopment is indicated by the interrupted part of the curve in Fig. 1C .
The multiplication of the inoculum given at day 30 was followed in all three groups of mice (Fig. 2) . As expected from previous observations, the multiplication of MLM in the control group ended with the onset of the footpad reaction, i.e., approximately 4 weeks after inoculation. In neither group A nor group B did the bacilli show significant multiplication, but the number of bacilli recovered from the latter at 5.5 and 7.5 weeks was somewhat higher than from the former. However, this difference was not statistically significant (P = 0.08). Thus it was concluded that, compared with normal animals, mice infected 4 or 2 weeks previously were able to suppress the multiplication of a second inoculum of MLM.
The morphology of the bacilli was studied in the three groups of mice at various times after the right hind footpad. The bacilli, which had an MI of 50%, were prepared from the liver of one of the most severely affected mice of group I. The bacilli were prepared one day before the injection and the suspension was left overnight at 4 C. The difference in thickness between the right and left hind feet was used as a parameter of the reaction to the injected bacilli (Fig. 5) . In group I no reaction was observed at any time except for a transient swelling on the day after the injection. In group II a significant swelling occurred within the first 24 h after inoculation, and this swelling remained throughout the observation period. In group III, the control group, a swelling developed after the usual lag period of 3 to 4 weeks. The considerable spread of the observations in each group was not due to method errors but to individual variation in the response of different mice. As shown in Fig. 6 , which depicts the successive measurements of four individual mice, the measurements showed a consistent pattern in each mouse. These observations show that mice of group I~~~~~~~~~~~~~~~~~- mice. Most likely these bacilli arose from the large primary inoculum given to that group of mice. However, since the number of bacilli found in the left footpad always amounted to less than 10% of what was found in the right, it was not considered necessary to correct the latter values by subtracting that proportion of bacilli which originated from the primary inoculum.
The bacilli recovered from the three groups of mice also showed significant differences in morphology. One week after inoculation the MI was nearly the same in all groups (Fig. 8) . From 3.5 to 7.5 weeks after inoculation, the MI of the bacilli from group I increased, whereas it decreased quite markedly in the other two groups. Thus it seemed that the bacilli were less damaged in group I than in groups II and III.
The bacilli used for inoculation were both longer, and probably less viable, than those used in previous experiments and therefore less liable to elongate further. The changes observed in the mean length of bacilli were small ( Fig. 9 ): in group II the mean length did not change; in group III it increased slightly; in group I it decreased slightly but significantly. DISCUSSION The four criteria used in the present study, foot thickness, multiplication ofbacilli, morphological index, and bacterial elongation, all showed that mice previously infected with MLM reacted differently from normal mice to a challenge with this mycobacterium. In the first series of experiments, the observations concerning bacterial multiplication and morphological changes of the bacilli in the control mice agree well with earlier findings (5) .
When mice were reinoculated with MLM after 4 weeks a local reaction, footpad swelling, developed at the site of injection within 24 h and no multiplication of the second inoculum was observed. This clearly indicates that the preinfected mice possessed an increased host resistance. Host resistance to intracellular parasites may be generated by specific as well as nonspecific mechanisms (16, 27) . However, a systemic increase in host resistance induced by nonspecific mechanisms has only been observed under extreme conditions of stimulation (16) . VOL. 12, 1975 on October 16, 2017 by guest http://iai.asm.org/
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Thus it seems more likely that the increased host resistance to the second injection of MLM is due to specific immunity elicited by the first inoculum.
Considering that M. tuberculosis has been found to have a lag period of about 5 days in C57BL mice (11) , that of MLM is likely to be longer since the doubling times of these mycobacteria are approximately 12 h (9) and 9 days (5), respectively. Due to a long lag period and a long doubling time, the difference in multiplication of the second inoculum between mice reinfected after 2 and 4 weeks may become very small. This agrees with the present findings, which showed that significant multiplication of MLM did not occur in either of these experimental situations.
Bacteria suffering various kinds of metabolic limitations may continue to grow without cell division and thus increase in length after they have ceased to multiply (9) . Elongation may, therefore, under certain circumstances be a better indicator of metabolic activity than multiplication. When both bacterial elongation and changes in MI are taken into consideration, the group reinfected after a 2-week interval clearly is intermediate to the other two regarding the time of onset of the host reaction.
In mice reinoculated after 2 weeks, the local reaction induced by the first inoculum was quite weak, whereas the second inoculum induced an appreciably stronger reaction, both at the primary and secondary inoculation sites. Presumably the weak reaction induced by the first inoculum was due to the fact that it contained a low number of viable organisms. Heatkilled BCG could not induce delayed hypersensitivity when injected intravenously into mice (1) . Similarly, heat-killed MLM apparently did not induce delayed hypersensitivity when injected into the footpads of normal C57BL mice (0. Closs, unpublished observations).
In the second series of experiments, mice were inoculated in the footpad 22 weeks after initiation of a systemic infection. It was found that the number of bacilli in the primary inoculum greatly influenced the host reaction to the second injection of MLM. The group receiving a small dose of MLM 22 weeks previously showed an increased host response compared with the control group. Elongation of the bacilli was not marked and did not occur after the first week, indicating that these mice were able to kill the bacilli quickly.
The results concerning bacterial morphology and multiplication were less clear cut than in the previous experiment described in this paper. Presumably this was due to low viability of the bacilli used in the second inoculum. The group of mice that suffered from a heavy, systemic infection was the only one in which significant multiplication of the second inoculum was observed. Furthermore, the MI of the bacilli increased and their mean length decreased. Histological examination of the footpad showed acid-fast bacilli tightly packed within macrophages lying deep in the subcutis (0. Closs and 0. A. Haugen, unpublished observations), a situation very similar to that previously described in C3H mice (7, 8) . In conclusion, these mice appeared to be unable to prevent the multiplication of a local deposit of MLM, and the infection proceeded as in the low-resistant C3H strain. Presumably, these observations are relevant to the downgrading of host resistance observed in human leprosy.
An impaired immune response against MLM may be caused by specific or nonspecific mechanisms. Specific mechanisms include the induction of tolerance (26) and the trapping of specifically committed lymphocytes (28) in the multiple foci established by the primary infection. The observation that lymphocytes were still present in some of the liver lesions at the time of reinfection (Closs and Haugen, unpublished observations) supports the latter possibility. A general depression of the cell-mediated type of immune response has been observed in mice infected intravenously with large doses of MLM (19) . It has been suggested that the nonspecific impairment of cell-mediated immunity is due to infiltration of lymphoid tissues by infected macrophages, leading to the displacement of lymphocytes (24) or impaired recirculation of Tlymphocytes (3) . The relatively early invasion of the thymus by infected macrophages in heavily infected C57BL mice (6, 8) might contribute to an impairment of T-cell function. However, since the spleen is among the lymphoid organs which, after intraperitoneal inoculation, contain most bacilli (6) , and since much of the normal architecture of this organ was found to be preserved in the present experiment (Closs and Haugen, unpublished observations), it is unlikely that nonspecific mechanisms can account for the complete lack of reactivity to MLM observed during heavy systemic infection.
In conclusion, the experiment shows that a decrease in host resistance may occur during MLM infection whereby a normally resistant mouse strain contracts the progressive type of murine leprosy. Further work is needed to clarify the mechanisms involved in this process. 
